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$VVHPEO\ OLQH EDODQFLQJ LV WKH SURFHVV RI GLVWULEXWLQJ WKH ZRUN ORDG LQ DQ DVVHPEO\ OLQH DFURVV VXFFHVVLYH
ZRUNVWDWLRQV VRWKDWQRUHVRXUFHDQGWLPHDUHZDVWHG &KULVWLDQDQG$UPLQKDYHVWXGLHGWKH GHFLVLRQSUREOHPRI
RSWLPDOSDUWLWLRQLQJEDODQFLQJRIWKHDVVHPEO\ZRUNDPRQJWKHVWDWLRQVZLWKUHVSHFWWRVRPHREMHFWLYHLVNQRZQDV
WKHDVVHPEO\ OLQHEDODQFLQJSUREOHP $EDODQFHGDVVHPEO\ OLQHGRHVQRW VXIIHU IURPERWWOHQHFNVRUXQQHFHVVDU\ LGOH
WLPH$IORZOLQHFDQEHGLYLGHGLQWRHOHPHQWDOWDVNV(DFKRIWKHVHWDVNVZLOOUHTXLUHDVSHFLILHGWLPHWRFRPSOHWH,W
DOVRKDV D VHTXHQWLDO UHODWLRQVKLSZLWKRWKHU WDVNV LQ WKH IORZ OLQH ,QRUGHU WR HQVXUH WKDW WKH OLQH LV UXQ HIILFLHQWO\
HIIRUWVKDYHWREHPDGHWREDODQFHWKHOLQH )DZD]DQG-D\DQW  KDYHDQDO\VHG WKHIRFXVRIWKLV DSSURDFKLVRQFRVW
UHGXFWLRQ E\ HOLPLQDWLQJ QRQYDOXH DGGHG DFWLYLWLHV 7RROV RI OHDQ PDQXIDFWXULQJ LQFRUSRUDWHGZLWK0HWKRG 7LPH
0HDVXUHPHQW 070 DOVR KHOS WR UHGXFH WKH F\FOH WLPH 6KL1XQJ DQG 6HP\RQ  KDYH GLVFXVVHG WKH
PDQXIDFWXULQJ HTXLSPHQW RQ WKH IDFWRU\ IORRU LV W\SLFDOO\ XQUHOLDEOH DQG 0HWKRGV7LPH 0HDVXUHPHQW LV D
SUHGHWHUPLQHGPRWLRQWLPHV\VWHP WKDWLVXVHGSULPDULO\LQLQGXVWULDOVHWWLQJVWRDQDO\]HWKHPHWKRGVXVHGWRSHUIRUP
DQ\PDQXDORSHUDWLRQRUWDVNDQGDVDSURGXFWRIWKDWDQDO\VLVVHWWKHVWDQGDUGWLPHLQZKLFKDZRUNHUVKRXOGFRPSOHWH
WKDW WDVN 3LHUUH DQG 7KRPDV  VWXGLHG WKDW WKH VWDQGDUGL]HG ZRUN FRQWDLQV D GLIIHUHQW ZD\ RI WKLQNLQJ ZKLFK
PRWLYDWHV WKH HQWLUH RUJDQL]DWLRQ WR ZRUN PRUH HIILFLHQWO\ DQG GHOLYHU KLJKHU TXDOLW\ DW ORZHU FRVW 7KLV ZRUN LV
FRQGXFWHGLQDWUXFNERG\ DVVHPEO\OLQHIRUWKHUHGXFWLRQRIF\FOHWLPHLQWKHDVVHPEO\RIDSDUWLFXODUPRGHO VD\µ[¶
-RDTXtQDQG-RUGL KDYHGLVFXVVHGWKH REMHFWLYHRIWKH DVVHPEO\OLQHEDODQFLQJ LVWRGLYLGHWKHZRUNORDGRIDQ
DVVHPEO\ OLQH DPRQJ GLIIHUHQW LQGLYLGXDO ZRUNVWDWLRQV DQG WR GHWHUPLQH ZKLFK WDVNV VKRXOG EH SHUIRUPHG DW HDFK
ZRUNVWDWLRQ &\FOHWLPHUHGXFWLRQLVGRQHE\WZRDSSURDFKHV LQLWLDOO\ E\OLQHEDODQFLQJ DQGIROORZHGE\DSSO\LQJOHDQ
WRROV 0HOWRQVWXGLHGWKHEHQHILWVRIOHDQPDQXIDFWXULQJZKDW OHDQ WKLQNLQJKDVWRRIIHUWKHSURFHVVLQGXVWULHV
DQG WKLV ZRUN LV GRQH ZLWK WKH DLG RI KLJK YROXPH SURGXFWLRQ RI VWDQGDUGL]HG SURGXFWV ZLWK PLQLPDO SURGXFW
FKDQJHRYHUV E\XVLQJOLQHEDODQFLQJWRROLQOHDQPDQXIDFWXULQJV\VWHPV
 3UREOHPGHILQLWLRQ
7KLV VWXG\ LV IRFXVHG RQ DVVHPEO\ OLQH IRU WKH UHGXFWLRQ RI F\FOH WLPH LQ WKH DVVHPEO\ RI D QHZ VHULHV µ[¶ 7KH
SODQQHGSURGXFWLRQLQRQHVKLIW IRUDQDVVHPEO\OLQHLV WUXFNERGLHV %XWWKH DFWXDOSURGXFWLRQLVRQO\WR WUXFN
ERGLHV 7KHWRWDOSURGXFWLYHWLPHLQVKLIWLVPLQKUV DQG WKH WRWDOQXPEHURIVWDWLRQVLV7KHRSHUDWLQJWLPH
LQ HDFK VWDWLRQ YDULHV IURP PLQ WR PLQ'XH WR WKLV PDQ\ VWDWLRQV ZDLW IRU WKH RWKHU VWDWLRQV WR FRPSOHWH WKH
RSHUDWLRQV 7KH WLPH WDNHQ E\ HDFK RSHUDWRU LV GLIIHUHQW LQ WKH VDPH VWDWLRQ DQG WKH ZRUN ORDG RI HDFK RSHUDWRU LV
GLIIHUHQW
 'DWDDQDO\VLV
$IWHU VWXG\LQJ WKH PDLQ RSHUDWLRQV DQG VWUDWHJ\ RI WKH FRPSDQ\ WKH WDNW WLPH IRU WKH DVVHPEO\ OLQH KDV EHHQ
FDOFXODWHG7KHQWKHRSHUDWLRQWLPHV RI WKH YDULRXVRSHUDWLRQVDUHQRWHG,WLVIRXQGWKDWWKHUHLV D ODUJHGLIIHUHQFHLQ WKH
ZRUNFRQWHQWDQGWLPHWDNHQE\HDFKRSHUDWRU DQGDOVRDQHHGIRUOLQHEDODQFLQJ$QDVVHPEO\OLQHFRQVLVWVRI D FXELQJ
OLQH %RG\ LQ :HLJKW %,: OLQH DQGILQDOOLQH 7KHWLPH GHWDLOVRIHDFKRSHUDWRULQFXELQJOLQH%,:OLQHDQGILQDOOLQH
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ZHUHFROOHFWHG7LPHRIHDFKVWDWLRQDQGRSHUDWRULVREWDLQHGXVLQJ D 6WRSZDWFKDQGFDPFRUGHU 7KHGHWDLOV DUHVKRZQ
LQ7DEOHV DQG
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3LHUUHDQG7KRPDV H[SODLQHGWKDWWKH VWDQGDUGL]HG ZRUN DQGDOVR ZRUNPHDVXUHPHQWWHFKQLTXH IRUUHFRUGLQJ
WKHWLPHRISHUIRUPLQJDFHUWDLQVSHFLILFMRERULWVHOHPHQW EHLQJ FDUULHGRXWXQGHUVSHFLILFFRQGLWLRQ DQGIRUDQDO\VLQJ
WKHGDWDVRDVWRREWDLQWKHWLPHQHFHVVDU\IRUDQRSHUDWRUWRFDUU\RXW ZRUN DWDGHILQHGUDWHRISHUIRUPDQFH )LJXUH
VKRZVWKDWWKH WLPHFRPSDULVRQEHWZHHQWKHWDNWWLPHDQGWKHF\FOHWLPHYDULDWLRQLQWKHHDFKVWDWLRQ,WLVIRXQGWKDWWKH
IXOOZHOGLQJ VWDWLRQ VWDWLRQQR KDVKLJKHUF\FOHWLPHWKDQWKHRWKHU VWDWLRQV EHFDXVHRIPRUHWDNWWLPHDQGF\FOHWLPH
YDULDWLRQLQWKH IXOOZHOGLQJVWDWLRQDQG LQRUGHUWRPLQLPL]H WKHF\FOHWLPHZLWKUHVSHFWWRWDNWWLPH)LJXUH VKRZV
WKDW WKHFRQWULEXWLRQRIPDQXDOZRUNDXWRPDWLFZRUNDQGZDONRUZDLWWLPHRQ VWDQGDUGL]HGZRUNFRPELQDWLRQWDEOH LQ










x 7KHSURGXFWLRQIORZIURP WKH UDZPDWHULDOLQWRWKHDUPVRIWKHFXVWRPHUDQG
x 7KHGHVLJQIORZIURPFRQFHSWWRODXQFK
9DOXH VWUHDPPDSSLQJ LV D SHQFLO DQG SDSHU WRRO WKDW KHOSV WR VHH DQG XQGHUVWDQG WKH IORZ RIPDWHULDO DQG
LQIRUPDWLRQ DV D SURGXFW PDNHV LWV ZD\ WKURXJK WKH YDOXH VWUHDP )ROORZ D SURGXFWV SURGXFWLRQ SDWK IURP WKH
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)LJ D 9DOXHVWUHDPPDSSLQJ  &XUUHQWVWDWHPDS




RIGHWDLOVRIWDVNVWKDWDUHUHTXLUHGWRDFFRPSOLVKDJRDORUVROXWLRQRUWDVN $QLO DQG6XUHVK  KDYH H[SODLQHG
WKH SURGXFWLRQ PDQDJHPHQW WRROV DQG WR H[SODLQ WKH GHYHORSPHQW RI WKH WUHH GLDJUDP ,W KHOSV RQHPRYH KLVKHU
WKLQNLQJIURPWKH JHQHUDOLWLHVWRWKHVSHFLILFV DQGWRLGHQWLI\ULVNVDQGFRXQWHUPHDVXUHVIRUWKHERWWRPOHYHOWDVNV
'LIIHUHQWVKDSHGER[HVDUHXVHGWRKLJKOLJKWWKHULVNVDQGLGHQWLI\SRVVLEOHFRXQWHUPHDVXUHV
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)LJE9DOXHVWUHDPPDSSLQJ  &XUUHQWVWDWHPDS&RQW
,W LVDOVRXVHGWRSULRULWL]HWKHLWHPVDQGGHVFULEHWKHPLQWHUPVRI WKH ZHLJKWHGFULWHULD,WXVHVDFRPELQDWLRQRI
D WUHHDQGPDWUL[GLDJUDPPLQJ WHFKQLTXHV WRGRDSDLUZLVHHYDOXDWLRQRI LWHPV DQGQDUURZGRZQRSWLRQV WR WKH
PRVWGHVLUHGRUPRVW HIIHFWLYH 7KHVHDUHPDLQO\ IRFXVVHG VR DV WRDFKLHYH WKH WDNW WLPHRI PLQXWHV LQZKLFK
LQFUHDVHV LQ WKH OLQH HIILFLHQF\ DQG WKH OHYHO RI SURGXFWLRQ FDSDFLW\ FKDUDFWHULVWLFV 7KHVH GHWDLOV DUH VKRZQ
LQ )LJXUH
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)LJ  7UHHGLDJUDPDQG3ULRULWL]DWLRQ
%\VLPSOHUHEDODQFLQJ LW LVSRVVLEOH WR UHGXFH WKH LGOH WLPHDQGF\FOH WLPH6R LQLWLDOO\ WKH OLQHEDODQFLQJ LV






















6WLOOPDQ\ VWDWLRQV UHTXLUHGRSHUDWLRQDO WDNW WLPH VR WKHUH LV D QHHG WR DQDO\VH HDFKZRUN VWDWLRQ DQG WU\ WR
UHGXFH WKH QRQYDOXHDGGHGDFWLYLWLHV)RUWKDWD WLPHVWXG\KDV WREHFDUULHGRXW,QLWLDOO\ WKHF\FOHWLPHRIWKHWRWDO
DVVHPEO\ZDVPLQ DQG WKH HIILFLHQF\RIWKHOLQHZDV$IWHUEDODQFLQJWKHOLQHWKHF\FOHWLPHJRWUHGXFHG
WRPLQDQGHIILFLHQF\LQFUHDVHGWR
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7KLVQHHGVWREHLPSURYHGIXUWKHUWRDWWDLQRSHUDWLRQDOWDNWWLPH)RUWKDW DGHWDLOHGWLPHVWXG\ZLWKWKHKHOSRI
0HWKRG 7LPH0HDVXUHPHQW 070DQG DSSOLFDWLRQRI RWKHU OHDQ WRROV OLNH VWDQGDUGL]HG ZRUN LV QHHGHG ,Q WKH




WKHSURGXFWLRQSURFHVV/HDQ0DQXIDFWXULQJ LV DOVR FDOOHG DV/HDQ3URGXFWLRQ/HDQPDQXIDFWXULQJ LV D EXVLQHVV
SKLORVRSK\ WKDWFRQWLQXRXVO\ LPSURYHV WKHSURFHVV LQYROYHG LQDPDQXIDFWXULQJHQYLURQPHQW LUUHVSHFWLYHRIZKDW
W\SHVRISURGXFWVDUHEHLQJPDQXIDFWXUHG )DZD]DQG-D\DQW DQDO\VHG WKHEHQHILWVRIOHDQPDQXIDFWXULQJ DQG
WKH /HDQPDQXIDFWXUHKDVDFRPSUHKHQVLYHVHWRIHOHPHQWVUXOHV DQGWRROVWKDW IRFXVRQWKHHOLPLQDWLRQRIZDVWH
DQGFUHDWLRQRIYDOXH
,W DJJUHVVLYHO\ VHHNV WR HOLPLQDWH DOO QRQYDOXH DGGHG DFWLYLW\ DQG WULHV WR LQVWDOO D SKLORVRSK\ RI FRQWLQXRXV
LPSURYHPHQW/HDQPDQXIDFWXULQJGUDVWLFDOO\ LQFUHDVHV WKHFDVK IORZDQGRSHUDWLQJSURILWVRIDQRUJDQL]DWLRQ E\
DFKLHYLQJWKHIROORZLQJEHQHILWV UHGXFLQJLQYHQWRU\DQGOHDGWLPHLPSURYLQJSURGXFWLYLW\DQGTXDOLW\LQFUHDVLQJ
RYHUDOOFXVWRPHUVDWLVIDFWLRQ DQGLPSURYLQJHPSOR\HHLQYROYHPHQW DQG PRUDOH
+RZHYHU WKH UHDO LPSDFW WKDW FDQ EH REWDLQHG IURP WKHVH WRROV DQG WHFKQLTXHV LV UHDOL]HG ZKHQ WKH\ DUH
LPSOHPHQWHG DV SDUW RI D /HDQ LPSURYHPHQW HIIRUW ,Q WKLV ZD\ LPSURYHPHQWV KDYH D EHWWHU FKDQFH RI EHLQJ
VXVWDLQHG 7KH ILUVW ZDYH RI OHDQ LPSOHPHQWDWLRQ LQFOXGHV D IOH[LEOH ZRUN V\VWHP DQG 6 ,W ZLOO EH DLPHG DW
UHGXFLQJ WKHZDLWLQJ WLPHE\GHGLFDWLQJJURXSVRI HTXLSPHQW WR WKHSURGXFWLRQRI VSHFLILF IDPLOLHV DQG FRXSOLQJ
WKHPPRUHFORVHO\WRJHWKHU
,GHDV VXFK DV JURXS WHFKQRORJ\ FHOOXODU PDQXIDFWXULQJ DQG IRFXVHG IDFWRULHV ZLOO EH DSSOLHG WR DFKLHYH WKLV









,QWKHDVVHPEO\SODQWXQGHU VWXG\ WKHILUVWZDYHLQOHDQKDV DOUHDG\ EHHQ LPSOHPHQWHG1RZ WKHUHTXLUHPHQWLV
WRXQGHUJR D VHFRQGZDYH LQRUGHUWRUHGXFHWKHSURFHVVLQJWLPHDQGF\FOHWLPH%\XVLQJ WKH OLQHEDODQFLQJWRRO
EDVHG RQ070 HQWLUH VWDWLRQV LQ WKH DVVHPEO\ OLQH ZHUH DQDO\VHG DQG D UHSRUW UHJDUGLQJ ZDVWH WLPH KDV EHHQ
JHQHUDWHG
 &RQFOXVLRQ
%DVHGRQWKHVWXGLHV WKHPDLQRSHUDWLRQVDQGVWUDWHJ\RIWKHFRPSDQ\DQG WKH WDNW WLPHIRUWKHDVVHPEO\ OLQH
KDYH EHHQFDOFXODWHG7KHQ WKHRSHUDWLRQ WLPHV RI WKH YDULRXVRSHUDWLRQVDUHQRWHG)URP WKHGDWDREWDLQHG LW LV
DQDO\VHG WKDWWKHUHLV D ODUJHGLIIHUHQFHLQ WKH ZRUNFRQWHQWDQG WKH WLPHWDNHQE\HDFKRSHUDWRU6R WKHUHLVDQHHG
IRUOLQHEDODQFLQJ,QLWLDOO\ WKHF\FOHWLPHRIWKHWRWDODVVHPEO\ZDVPLQ DQGHIILFLHQF\RIWKHOLQHZDV
$IWHUEDODQFLQJWKHOLQH WKH F\FOHWLPHKDVEHHQ UHGXFHGWRPLQDQGHIILFLHQF\KDV LQFUHDVHGXSWR
7KLVQHHGVWREHLPSURYHGIXUWKHUWRDWWDLQRSHUDWLRQDOWDNWWLPH)RUWKDW DGHWDLOHGWLPHVWXG\LVFRQGXFWHGZLWK
WKH KHOS RIZLWQHVV VRIWZDUH DQG WKH DSSOLFDWLRQRI RWKHU OHDQ WRROV OLNH VWDQGDUGL]HGZRUN7KLV VWXG\KHOSV WR
LGHQWLI\WKHZDVWH WLPHDQGHOLPLQDWHLW VWHSE\VWHS WKHUHE\UHGXFLQJWKHF\FOHWLPHE\SURSHUOLQHEDODQFLQJ
5HIHUHQFH
 &KULVWLDQ %$UPLQ 6  %DODQFLQJDVVHPEO\ OLQHVZLWK YDULDEOHSDUDOOHOZRUNSODFHV3UREOHP GHILQLWLRQ
DQGHIIHFWLYHVROXWLRQSURFHGXUH (XURSHDQ-RXUQDORI2SHUDWLRQDO5HVHDUFK±
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 )DZD] $$ -D\DQW 5  $QDO\]LQJ WKH EHQHILWV RI OHDQ PDQXIDFWXULQJ DQG YDOXH VWUHDP PDSSLQJ YLD
VLPXODWLRQ3URGXFWLRQ(FRQRPLFV±
 6KL1XQJ & 6HP\RQ 00  $VVHPEO\ V\VWHPV ZLWK QRQH[SRQHQWLDO PDFKLQHV 7KURXJKSXW DQG
ERWWOHQHFNV 1RQOLQHDU$QDO\VLV±
 3LHUUH(&- 7KRPDV/ &XUUHQW6WDWHRI6WDQGDUGL]HG:RUNLQ$XWRPRWLYH,QGXVWU\)RUW\VL[WK&,53
FRQIHUHQFHRQPDQXIDFWXULQJV\VWHPV±
 -RDTXtQ % -RUGL 3  3URFHGXUHVIRUWKH7LPHDQG6SDFHFRQVWUDLQHG$VVHPEO\/LQH%DODQFLQJ3UREOHP
(XURSHDQ-RXUQDO RI2SHUDWLRQDO5HVHDUFK±
 0HOWRQ 7  7KH EHQHILWV RI OHDQ PDQXIDFWXULQJ ZKDW OHDQ WKLQNLQJ KDV WR RIIHU WKH SURFHVV LQGXVWULHV
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